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ABSTRACT
The detached eclipsing binary stars with convective cores provide a good tool to investigate the convective
core overshoot. It has been performed on some binary stars to restrict the classical overshoot model which
simply extends the boundary of fully mixed region. However, the classical overshoot model is physically
unreasonable and inconsistent with the helioseismic investigation. An updated model of the overshoot mixing
was established recently. There is a key parameter in the model. In this paper, we use the observations of
four eclipsing binary stars, i.e., HY Vir, YZ Cas, χ2 Hya and VV Crv, to investigate the suitable value for
the parameter. It is found that the suggested value by the calibrations on eclipsing binary stars is same as the
recommended value by other ways. And we have studied the effects of the updated overshoot model on the
stellar structure. The diffusion coefficient of the convective/overshoot mixing is very high in the convection
zone, then quickly decreases near the convective boundary, and exponentially decreases in the overshoot region.
The low value of the diffusion coefficient in the overshoot region leads to weak mixing and the partially mixed
overshoot region. The semi-convection, which appears in the standard stellar models of low-mass stars with
convective core, is removed by the partial overshoot mixing.
Subject headings: convection — stars: binaries: eclipsing — stars: evolution
1. INTRODUCTION
The stellar parameters of eclipsing binary stars can be ob-
tained from the analyses of their light curves. If two com-
ponents of an eclipsing binary star are detached and the pe-
riod is long enough, we can assume that each of them obeys
the rule of stellar evolutionary theory of a single star. Those
provide the possibility to test the stellar physics in the stel-
lar evolutionary theory. Especially, the observations of the
detached eclipsing binary stars with the masses larger than
1.2M⊙ can be used to restrict the convective core overshoot
mixing, which is an important factor to affect the stellar evo-
lution but still not well studied. That has been performed
on some detached eclipsing binary star, e.g., the CO And by
Lacy et al. (2010), the GX Gem by Lacy & Fekel (2011), and
the AQ Ser by Torres et al. (2014). Ribas et al. (2000) and
Claret (2007) have studied the dependency of the size of the
fully mixed overshoot region on the stellar mass, and have
suggested that a classical overshoot region with the size in
0.2 ≤ αOV ≤ 0.25 is the overall best.
The investigations above are based on the classical over-
shoot model, which simply extends the convective bound-
ary by a distance to be the boundary of the fully mixed re-
gion. That description of the overshoot is based on the ’bal-
listic’ overshoot models (e.g., Shaviv et al. (1973); Maeder
(1975); Bressan et al. (1981)). However, the ballistic over-
shoot models are excluded by the helioseismic investigation
(Christensen-Dalsgaard et al. 2011). Recently, an updated
overshoot mixing model has been established based on fluid
dynamics equations (Zhang 2013). The updated model shows
that the overshoot mixing can be regarded as a diffusion pro-
cess, and the efficiency of the mixing in the overshoot re-
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gion is much lower than that in the convection zone. The
key property of this model is the formula of the diffusion
coefficient. The formula shows the physical meaning that
D = COVL
2
Mix/τ whereD is the coefficient, LMix is the char-
acteristic length of the overshoot mixing, τ is the characteris-
tic time and COV is a dimensionless parameter which can not
be determined by the model itself. The key parameter COV is
suggested to be 10−3 (Zhang 2013) based on the solar model
and the restriction that the equivalent fully mixed overshoot
region is less than 0.4HP. Since the detached eclipsing bi-
nary stars provide a good probe on the overshoot mixing, it
is necessary to calibrate the key parameter COV by using the
observations of detached eclipsing binary stars.
In this paper, we calibrate the parameter COV on four de-
tached eclipsing binary stars with mass ratio being not near
unity: HY Vir, YZ Cas, χ2 Hya & VV Crv, and study the
properties of the updated overshoot model. The method of
modeling stars and the calibrations are introduced in Section
2. The numerical results of the calibrations and the properties
of the updated overshoot model are described in Section 3.
The conclusions are summarized in Section 4.
2. THE METHOD
2.1. The stellar evolutionary code and input physics
The stellar evolutionary code YNEV (Zhang 2014a)
is adopted to calculate the stellar evolutionary models.
The opacities are interpolated from OPAL opacity tables
(Iglesias & Rogers 1996) and the F05 low temperature opac-
ity tables (Ferguson et al. 2005). The functions of equa-
tion of state (EOS) are interpolated from OPAL-EOS tables
(Rogers & Nayfonov 2002). The bicubic polynomial is used
in the interpolations of opacity and EOS tables in order to ob-
tain continuous derivatives. The rates of nuclear reactions are
based on Angulo (1999) and enhanced by the weak screen-
ing model (Salpeter 1954). The T− τ relation of Eddington
gray model of stellar atmosphere is adopted in the atmosphere
integral. In the YNEV code, two theories of stellar convec-
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tion are optional: the mixing length theory (MLT) and the
turbulent convection model (TCM) developed by Li & Yang
(2007). The latter is a non-local turbulent convection theory
which is based on hydrodynamic equations and some model-
ing assumptions. In this paper, we focus on the effects of the
overshoot mixing, thus the non-local TCM is adopted to deal
with the turbulent convection in stellar interior. The imple-
ments of the TCM in the YNEV code are described by Zhang
(2012c).
2.2. On the overshoot mixing models
The traditional overshoot mixing model extends the con-
vective boundary by a distance of lOV = αOVHP to be the
boundary of the fully mixed region, where αOV is a param-
eter and HP is the pressure scale height. The temperature
gradient in this extending region, i.e., the overshoot region, is
adiabatic or radiative (radiative means to ignore the convec-
tive flux in the overshoot region). The illustration is based
on the ’ballistic’ overshoot models (e.g., Shaviv et al. (1973);
Maeder (1975); Bressan et al. (1981)), which trace the aver-
age fluid element overshooting from the convection zone into
the radiative region. However, these ballistic overshoot mod-
els are physically unreasonable (Renzini 1987; Zhang 2013)
and inconsistent with the helioseismic investigations. The he-
lioseismic investigations (Christensen-Dalsgaard et al. 2011)
have shown that the temperature gradient smoothly changes
from adiabatic to radiative near the convective boundary, so
the ’ballistic’ overshoot models are excluded because they
show adiabatic overshoot region and a jump of the temper-
ature gradient at the boundary of the overshoot region. It
has been suggested that only the turbulent convection mod-
els (e.g., Xiong (1981); Xiong et al. (1997); Canuto (1997);
Canuto & Dubovikov (1998); Deng et al. (2006); Li & Yang
(2007); Canuto (2011); Li (2012)) can fit the restriction.
Another popular overshoot mixing model is the diffusion
model with the diffusion coefficient D based on the char-
acteristic turbulent velocity v and the characteristic length
l, i.e., D ∝ vl. However, in most diffusion overshoot mix-
ing models (e.g., Freytag et al. (1996); Ventura et al. (1998);
Lai & Li (2011); Zhang & Li (2012); Ding & Li (2014)), the
characteristic length l is assumed to be comparable with
HP. This is an analogy to assume the characteristic length
in the overshoot region being similar with the characteris-
tic length in the convection zone. Deng et al. (1996) have
found that setting l ∼ HP in D ∼ vl/3 leads to almost fully
mixing and have suggested a small characteristic length as
l ∼ 10−5l0 ∼ 10
−5HP for the overshoot mixing in order to
result in a mixing time scale being comparable with the evo-
lutionary time scale. Zhang (2012a,b,c) have shown that when
the characteristic length is assume to be comparable with HP,
the dimensionless parameter in D = CXvHP should be small
as CX ∼ 10
−10 in order to fit some observations. This exces-
sively small dimensionless parameter makes the assumption
l ∼ HP be doubtful.
Recently, Zhang (2013) has developed an updated over-
shoot mixing model based on hydrodynamic equations and
some modeling assumptions. This model focuses on the tur-
bulent flux of the chemical component and calculates the dif-
fusion coefficient for convective/overshoot mixing. It is found
in the model that the diffusion coefficient in overshoot region
is different from that in convection zone. In the convection
zone,
DCZ = CCZ
k2
ε
, (1)
and in the overshoot region,
DOV = COV
ε
N2
, (2)
where k is the turbulent kinetic energy, ε is the turbulent dis-
sipation rate, N2 describes Brunt-Va¨isa¨la¨ frequency, CCZ is
a parameter of the magnitude order of unity, and COV is an-
other parameter which is recommended to be on the magni-
tude order COV ∼ 10−3 based on the adopted TCM (and
its parameters) and some observational restrictions (Zhang
2013). The physical meanings of Equation (1) and (2) have
also been pointed out. Equation (1) is equivalent to the model
D ∝ vHP. However, Equation (2) is physically different from
D ∝ vHP. The diffusion coefficient in the overshoot region
being Equation (2) is for the reason that fluid elements moving
around their equilibrium location so the characteristic length
is v/N (Zhang 2013).
In this paper, we use Zhang’s (2013) overshoot mixing
model (i.e., Equation (2)). The turbulent dissipation rate ε is
calculated by using the TCM (Li & Yang 2007). As the value
of the dimensionless parameter COV for overshoot mixing is
not determined in the theoretical model, the main aim of this
paper is to use the observations of eclipsing binary stars to
restrict the value of COV.
2.3. On calibrating overshoot mixing via eclipsing binary
stars
The masses and radii of two components of an eclipsing
binary star (we mean detached eclipsing binary star in this
paper) can be observed via the analyses of light curves. The
masses, radii and the effective temperatures can be used to
restrict the stellar evolution theory: the evolutionary track of
a star with given mass should pass the observed radius and
effective temperature. For a main-sequence star with a con-
vective core, the evolutionary track is sensitive to the con-
vective overshoot. Therefore, the eclipsing binary is a good
tool to investigate the convective overshoot. This has been
performed on some eclipsing binary stars, e.g., the CO And
by Lacy et al. (2010), and the AQ Ser by Torres et al. (2014).
Ribas et al. (2000) and Claret (2007) have studied the depen-
dency of the size of the fully mixed overshoot region to the
stellar mass, suggested that a classical overshoot region with
the size in 0.2 ≤ αOV ≤ 0.25 is the overall best.
In the investigations mentioned above, the overshoot region
is assumed to be fully mixed. It is necessary to study the
updated overshoot formula via the eclipsing binary stars.
In the cases of standard stellar models with convective core,
the structure of a star is fixed when the mass, initial hydrogen
abundanceX, initial metallicity Z, the age t, an overshoot pa-
rameter (i.e.., αOV for the classical overshoot or COV for the
updated overshoot model) and a convection parameter α (i.e.,
αMLT for the MLT theory or αTCM for the TCM theory) are
all fixed. The observations of a binary star give four restric-
tions for two stars with given masses, i.e., the radii and effec-
tive temperatures of two components. We assume that the age
and the chemical composition are same for two components.
In this case, the initial hydrogen abundance X, initial metal-
licity Z, the age t and the overshoot parameter of the binary
star can be mathematically fixed when we adopt a fixed con-
vection parameter because the number of variables is equal
to the number of the equations (Equations (A1) for two com-
ponents). The standard errors can be also obtained based on
the method described in the Appendix. According to those
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properties, Zhang (2012c) has tested the previous diffusion
formula of the overshoot on the binary star HY Vir.
However, this method of calibrating does not work in some
cases. When the mass ratio q ≈ 1, the masses, radii and ef-
fective temperatures of two components are very close to each
other. This leads to the problem that the Equations (A1) for
the primary are almost identical to Equations (A1) for the sec-
ondary, so there are only two independent equations. There-
fore, we can do the calibration only on the eclipsing binary
stars with the masses of two components being obviously dif-
ferent. The effects of the overshoot mixing on the stellar ra-
dius and effective temperature are accumulating as the stellar
age increasing. Therefore, we can not calibrate the overshoot
parameter by using the stars near the ZAMS stage (e.g., UZ
Dra (Lacy et al. 1989) and V335 Ser (Lacy et al. 2012b)).
The observation data for intermediate- and high-mass
eclipsing binaries are few and not accurate enough.
For the high-mass stars, the mass loss (Chiosi et al.
1978; Brunish & Truran 1982; Chiosi & Maeder 1986;
Maeder& Meynet 1987; Meynet et al. 1994) and rotation
(Meynet & Maeder 2000; Brott et al. 2011; Maeder& Meynet
2012) can also significantly affect the stellar structure and
evolution. Since the rotation and mass loss are not well
studied at present, we do not attempt to calibrate the over-
shoot in high-mass stars. We focus on the low-mass eclipsing
binaries. In this paper, we use the methods above to find the
suitable value of the overshoot parameter COV of the updated
overshoot mixing model on four eclipsing binaries: HY Vir,
YZ Cas, χ2 Hya & VV Crv.
3. NUMERICAL RESULTS
In this section, we show the results of the calibration on
the eclipsing binaries and properties of the updated overshoot
mixing model in stellar interior. All of the stellar models
evolve from the pre-main sequences with the center temper-
ature TC = 105K. The metal composition is assumed to be
same as the solar metal composition AGSS09 (Asplund et al.
2009). The TCM (Li & Yang 2007) is adopted to calculate the
turbulent variables (e.g., turbulent dissipation rate required in
the overshoot diffusion coefficient and the convective flux).
The parameters of the TCM are same as Zhang (2012c). Tur-
bulent dissipation parameter αTCM = 0.8 is based on solar
calibration with the AGSS09 composition. The number of
mesh points in stellar models is typically a thousand.
3.1. Calibration on eclipsing binary models
We solve equation (A1) for two components to calibrate
the overshoot parameter COV, composition (X and Z) and
age t on four eclipsing binaries: HY Vir, YZ Cas, χ2 Hya
and VV Crv. The mass range in the samples is about
1.3 < M/M⊙ < 3.6 which comprises seven low-mass stars
and an intermediate-mass star (i.e., the primary of χ2 Hya).
The results of the calibrations are shown in Table 1. The radii
and the effective temperatures of the calibrated stellar models
match the observations in the accuracies of ∆R/R⊙ < 10−3
and ∆lgTeff < 10−3.
The calibration results in Table 1 show that the best value of
COV is about 1× 10−3. This is consistent with the suggested
value via the test of solar model and the classical restriction
on convective core overshoot (Zhang 2013). Although the
mass of two components are different and there may be pos-
sible relationship between COV and stellar mass, we fix COV
in the calibration of each eclipsing binary. However, the re-
sults do not support an obvious dependency of COV on stellar
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FIG. 1.— The evolutionary tracks on radius vs. effective temperature for
HY Vir. The thick solid lines are for the model of COV = 1× 10−3 , the
solid lines are for the calibrated stellar model, the dashed lines are for the
stellar model with 0.3HP fully mixed classical overshoot region, and the
dotted lines are for the standard stellar models without mixing outside the
convection zones. The left plane is for the primary of HY Vir, and the right
plane is for the secondary.
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FIG. 2.— Similar to Fig.(1), but for YZ Cas.
mass. The calibration results show that the standard errors of
COV are significant. It seems that the observational errors of
M/M⊙, R/R⊙ and especially lgTeff should be less than 1%,
otherwise the corresponding error of the overshoot parame-
ter is too large. The metallicities and ages of those eclipsing
binaries have been suggested in the references as shown in
Table 1 (e.g., Ref. Z and t) by comparing the stellar model
based on fully mixed classical overshoot region with the ob-
servations. It is found that our results of metallicities and ages
based on the updated overshoot mixing model are similar to
the results of classical overshoot model. Only the suggested
metallicity of χ2 Hya is significantly higher than our calibra-
tion. This may result from that Clausen & Nordstro¨m (1978)
have used old opacity tables in modeling stars. The calibra-
tions of the chemical composition on the HY Vir and YZ Cas
support a helium enrichment law ∆Y/∆Z ≈ 2. The results
of the chemical composition of χ2 Hya and VV Crv are not
accurate enough to validate the law.
The evolutionary tracks on effective temperature vs. radius
for the stellar models of the binaries are shown in Figs.(1-
4). The thick solid lines, the solid lines, the dashed lines
and the dotted lines are for the evolutionary tracks with
COV = 1× 10
−3
, the calibrated stellar models, the stellar
models with 0.3HP fully mixed classical overshoot region and
the standard stellar models without mixing outside the con-
vection zones, respectively. The stellar models with 0.3HP
fully mixed overshoot region and the standard stellar models
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TABLE 1
PARAMETERS OF THE ECLIPSING BINARIES: HY VIR, YZ CAS, χ2 HYA & VV CRV.
HY Vir YZ Cas χ2 Hya VV Crv
Observations
MA/M⊙ 1.838 ± 0.009 2.263± 0.012 3.613± 0.079 1.978 ± 0.010
MB/M⊙ 1.404 ± 0.006 1.325± 0.007 2.638± 0.050 1.513 ± 0.008
RA/R⊙ 2.806 ± 0.008 2.525± 0.011 4.384± 0.039 3.375 ± 0.010
RB/R⊙ 1.519 ± 0.008 1.331± 0.006 2.165± 0.043 1.650 ± 0.008
lg(TA) 3.836 ± 0.008 3.979± 0.006 4.066± 0.010 3.813 ± 0.013
lg(TB) 3.816 ± 0.008 3.838± 0.015 4.041± 0.010 3.822 ± 0.013
Ref. Z 0.027 0.009± 0.003 0.025± 0.010 0.034 ± 0.013
Ref. t/Gyr 1.35 ± 0.10 0.52± 0.03 0.18± 0.02 1.2± 0.1
Ref. (1) (2) (3) (4)
Calibrations
COV × 10
3 0.9± 0.4 0.9± 0.4 0.7± 3.0 0.4± 1.5
X 0.64 ± 0.03 0.71± 0.02 0.72± 0.05 0.7± 0.1
Z 0.032 ± 0.009 0.012± 0.002 0.013± 0.003 0.03± 0.01
t/Gyr 1.3± 0.1 0.55± 0.07 0.21± 0.09 1.3± 0.4
NOTE. — References: (1) Lacy & Fekel (2011); (2) Pavlovski et al. (2014); (3) Clausen & Nordstro¨m (1978); (4) Fekel et al. (2013).
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FIG. 3.— Similar to Fig.(1), but for χ2 Hya.
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FIG. 4.— Similar to Fig.(1), but for VV Crv.
without mixing are calculated for comparison, and the mixing
length theory (MLT) is adopted in those models to deal with
the convective flux. The parameter αMLT = 1.75 in the MLT
is based on the solar calibration. The dashed lines are almost
identical with the thick solid lines, indicating that the updated
overshoot model with COV = 1× 10−3 leads to the similar
mixing efficiency as a 0.3HP fully mixed overshoot region
in the stars with the mass in the studied range. It is shown
that the stellar effective temperature of the models in the PMS
stage and near the ZAMS is slightly affected by the adopted
convection theory (MLT is used in dashed lines and dotted
lines, and the non-local TCM is used in solid lines and thick
solid lines). But the differences are small because both the
turbulent dissipation parameters in the MLT and the TCM are
based on solar calibrations and both convection theories show
adiabatic convection in the convective core. It is interesting
that, for the stars with M/M⊙ > 2 (i.e., twos components of
χ2 Hya and the primary of YZ Cas), there are significant dif-
ferences in the PMS stage, i.e., where R/R⊙ ≈ 2.5 for the
primary of χ2 Hya,R/R⊙ ≈ 2.1 for the secondary of χ2 Hya,
and R/R⊙ ≈ 1.9 for the primary of YZ Cas. This can be ex-
plained as follows. At those locations, 12C is burned to be
14N in the center. The overshoot mixing could affect this pro-
cess because of the refueling of 12C in the convective core. In
the stellar models with 0.3HP fully mixed overshoot region,
the overshoot mixing is assumed as instantaneous mixing. In
the updated overshoot model, the overshoot is a diffusion pro-
cess, and the diffusion coefficient is not high enough to result
in significant mixing in the short time scale of the PMS stage.
Therefore, in Fig.(3) and the left plane in Fig.(2), the solid
lines and the thick solid lines locate between dotted lines and
dashed lines, and are very close to the dotted lines.
3.2. Properties of the updated overshoot mixing model in the
core overshoot region of low-mass stars
The hydrogen abundance in the stellar interior models are
shown in Fig.5. Models in three cases, i.e., the standard
model, the model with classical overshoot with 0.3HP and the
updated overshoot model with COV = 10−3, and with differ-
ent center hydrogen abundance (XC ≈ 0.57, 0.40, 0.23) are
shown. It is found that the updated overshoot model results in
smooth profile of the hydrogen abundance. Near the convec-
tive boundary, the gradient is close to zero, indicating large
diffusion coefficient. Comparing with the standard stellar
models and the classical overshoot stellar models, the stellar
models with updated overshoot model shows similar effects
to the classical overshoot model with 0.3HP on refueling the
core. This can be validated by estimating the difference of the
areas below the solid lines and corresponding dotted lines.
The distinction is that, the hydrogen abundances of the up-
dated overshoot model are always smooth, unlike that there
is no derivatives at the fully mixing boundaries in the classi-
cal overshoot model. The updated overshoot model showing
similar effects as the classical overshoot model with 0.3HP
explains that, as mentioned above, the evolutionary tracks of
the two cases are identical and the calibrated metallicity and
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FIG. 5.— The hydrogen abundance in stellar interior. The arrows indicate the convective boundary of the models for the solid lines.
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FIG. 6.— The diffusion coefficient of the convective overshoot mixing. D
is the diffusion coefficient in the unit of cm2s−1. P is the pressure in stellar
interior in the unit of gcm−1s−2.
age are consistent with the suggested values based on stellar
models with classical overshoot.
The formula of the diffusion coefficient of the updated over-
shoot mixing model (e.g., Equation (26) in Zhang (2013)) has
shown that the diffusion coefficient is very large in the convec-
tion zone and is low in the overshoot region, which in intrinsic
ensures a fully mixed convection zone and a partially mixed
overshoot region (Zhang 2013). The approximation of the
formula of the diffusion coefficient in the overshoot region is
Equation (2), which is adopted in the numerical calculations.
Figure 6 shows the profile of the diffusion coefficient for the
overshoot mixing. The stellar model is for the 1.5M⊙ star
with XC = 0.4 and COV = 10−3. According to Equation 1,
the diffusion coefficient in the convection zone is as large as
D ∼ 1016. We set an upper limit of D as 1010 in the calcula-
tions because excessively large diffusion coefficient may lead
to numerical instability and D > 1010 ensures complete mix-
ing. It is shown that D quickly decreases in a thin layer near
the convective boundary and then exponentially decreases in
the most part of overshoot region. After the quick decreas-
ing, the geometric mean diffusion coefficient in the overshoot
region is typically 102 and 100 for 0.5HP and 1HP, respec-
tively. Accordingly, the time scale for a length L showing
obvious mixing is τ ∼ L2/D, i.e, about 1016s for 0.5HP and
about 1020s for 1HP (HP ≈ 1010cm here). The former is on
the same magnitude order as the evolutionary time scale and
the latter is much larger than the evolutionary time scale.
In the standard stellar model of a low-mass main sequence
star with convective core, a phenomenon called the semi-
convection occurs. There is a region near the convective
boundary, ∇R > ∇ad when this region is not mixed into
the convective core, or ∇R < ∇ad when this region is fully
mixed into the convective core. This leads to the contradic-
tion that the fully mixed region is not the convection bound-
ary. In the framework of classical ideal of the local convec-
tion, this region should be partially mixed to reach the con-
vective neutral condition ∇R = ∇ad, since the mixing pro-
cess can not continue when the neutral condition is satisfied
(Schwarzschild & Ha¨rm 1958). The intrinsic reason of this
phenomenon is that the mixing time scale is much less than
the evolutionary time scale (the mixing time scale is zero in
the classical ideal local convection, e.g., instantaneous mix-
ing) thus we do not have enough time resolution to trace the
variation of ∇R during the mixing process. However, the
semi-convection does not appear in our stellar models with
the updated overshoot mixing model. Figure 7 shows the pro-
files of ∇R and ∇ad in stellar models with M = 1.5M⊙ and
XC ≈ 0.4. The left plot shows the standard model and the
right plot shows the model with updated overshoot mixing. In
6 Meng & Zhang
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FIG. 7.— The convection status near the convective boundary for the standard stellar model and the stellar model with updated overshoot model. ∇R and∇ad
are the dimensionless radiative temperature gradient and the adiabatic radiative temperature gradient, respectively.
the region denoted as ’SC’, it is clearly shown that∇R > ∇ad
when the region is not mixed and ∇R < ∇ad when the re-
gion is fully mixed into the convective core. The radiative
temperature gradient∇R is discontinuous at the fully mixing
boundary due to the jump of the chemical abundance. In the
model with updated overshoot, there is no such phenomenon.
The radiative temperature gradient is continuous because the
updated overshoot model describes a weak mixing process
and the profile of chemical abundance is continuous. Xiong
(1981, 1986) has found that the semi-convection in massive
stars results from the local convection theory and can be re-
moved by using the non-local turbulent convection theory.
Our calculations show the similar result that the non-local ef-
fect of the turbulent convection, i.e., the overshoot mixing,
can remove the semi-convection in low-mass stars.
4. CONCLUSIONS
In this paper, we have used the observations of four eclips-
ing binary stars, i.e., HY Vir, YZ Cas, χ2 Hya and VV Crv,
to calibrate the updated overshoot mixing model recently de-
veloped by Zhang (2013). And we have investigated the basic
properties of stellar structures based on the model. The main
results are as follows.
The dimensionless parameter in the updated overshoot mix-
ing model is suggested to be COV = 10−3 for low mass stars.
Stellar models with this value can fit the observations of the
concerned eclipsing binary stars in 1δ. No obvious depen-
dency of COV on the stellar mass is found in the low-mass
stars with 1.2 < M/M⊙ < 2.5. The suggested value of COV
in this paper is same to Zhang (2013), but using a different
method.
The updated formula of the overshoot mixing shows that
the diffusion coefficient quickly decreases near the convec-
tive boundary and exponentially decreases in the most part of
the overshoot region. This leads to a partial mixing region
out side the convective core. The efficiency of the overshoot
mixing is high in the thin layer near the convective boundary
due to the high diffusion coefficient, but is low in most of the
overshoot region. The semi-convection, which appears in the
standard stellar models of low-mass star with convective core,
is removed by the partial overshoot mixing.
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tional Natural Science Foundation of China (NSFC) through
grant No. 11303087, the Science Foundation of Yunnan Ob-
servatory No. Y1ZX011007 & Y3CZ051005, the West Light
Foundation of the Chinese Academy of Sciences and the Chi-
nese Academy of Sciences under grant No. KJCX2-YW-T24.
APPENDIX
THE CALCULATIONS OF THE STANDARD ERRORS
In this appendix, we show the details of obtaining the standard errors of (COV, X, Z, t) based on the standard errors of observed
(lgTA, lgTB, RA, RB, MA, MB).
The effective temperature and the radius of a star is determined by the mass M, overshoot parameterCOV, hydrogen abundance
X, metallicity Z and its age t, i.e.,
T = T (M,COV , X, Z, t),
R = R(M,COV , X, Z, t).
(A1)
Accordingly, we have the relation between the variations of (COV, X, Z, t) and the variations of (lgTA, lgTB, RA, RB, MA, MB)
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as follows:


dCOV
dX
dZ
dt

 =


∂ lg TA
∂COV
∂ lg TA
∂X
∂ lg TA
∂Z
∂ lg TA
∂t
∂ lg TB
∂COV
∂ lg TB
∂X
∂ lg TB
∂Z
∂ lg TB
∂t
∂RA
∂COV
∂RA
∂X
∂RA
∂Z
∂RA
∂t
∂RB
∂COV
∂RB
∂X
∂RB
∂Z
∂RB
∂t


−1
×


d lg TA −
∂ lg TA
∂MA
dMA
d lgTB −
∂ lg TB
∂MB
dMB
dRA −
∂RA
∂MA
dMA
dRB −
∂RB
∂MB
dMB


;
(A2)
where all derivatives are in independent variable set (M, COV, X, Z, t) . All derivatives can be worked out numerically by com-
paring the stellar model with corresponding (M, COV, X, Z, t) with the stellar models with small variations on them alternately.
Equation (A2) shows the linear relations between (dCOV, dX, dZ, dt) and (dlgTA, dlgTB, dRA, dRB, dMA, dMB). The
derivatives of (COV, X, Z, t) with respect to (lgTA, lgTB, RA, RB, MA, MB) (also the independent variable set) can be
calculated based on Equation (A2). For example, ∂(COV,X,Z, t)/∂RA can be worked out by setting (dlgTA, dlgTB, dRA,
dRB, dMA, dMB) = (0, 0, 1, 0, 0, 0) in the r.h.s. and then the final result vector of the r.h.s. is ∂(COV,X,Z, t)/∂RA.
When the variables (xi) are independent with each other, the standard errors of their functions yj = yj(xi) based on the as-
sumption of Gaussian distribution are as follow:
σ2(yi) =
∑
j
(
∂yi
∂xj
)
2
σ2(xj). (A3)
However, in our case, the effective temperatures of the two components of an eclipsing binary star are highly dependent,
and the ratio TA/TB is more accurate (Claret 2007). This means the restriction dlgTA ≈ dlgTB. In this case, we define
dlgT = dlgTA = dlgTB in Equation (A2) and calculate the derivatives of (COV, X, Z, t) with respect to (lgT, RA, RB, MA,
MB) based on that equation. (lgT, RA, RB, MA, MB) are assumed to be independent, thus the standard errors of (COV, X, Z, t)
can be worked out by using Equation (A3) where σlgT is calculated as σlgT = (σlgTA + σlgTB)/2.
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